An efficient synthesis of amidoalkyl naphthols using sodium hydrogen sulfate as heterogeneous catalyst is described. The thermal solvent-free and microwave green procedures offer advantages such as shorter reaction times, simple work-up, excellent yield, recovery and reusability of catalyst. It is noteworthy that 1-amidomethyl-2-naphthols can be converted in to important 'drug like' 1-aminomethyl-2-naphthols derivatives by amide hydrolysis reaction.
Introduction
Multi-component reactions have attracted a considerable attention in organic syntheses as they can produce the target products in a single operation without isolating the intermediates and thus reducing the reaction times and energy. 1, 2 Heterogeneous catalysts have gained much importance in recent years due to economic and environmental considerations. 3 Toxic, homogeneous, corrosive liquid acid catalysts, such as H 2 SO 4 , HF, HBr, HCl, and CF 3 COOH are frequently used in organic synthesis. 4 Organic synthesis involving green processes and under solvent-free conditions have been investigated world widely due to stringent environment and economic regulations. 5 However, processes involving conventional acids are inherently associated with problems such as high toxicity, corrosive and polluting reagents, catalyst waste, and difficulty in separation and recovery of products. 6 Thus, replacement of these conventional acids by solid heterogeneous catalysts is desirable to achieve effective catalyst handling, product purification and to decrease waste production. 7 In this research, NaHSO 4 .H 2 O as the solid heterogeneous acid catalyst deserves special mention. This reusable catalyst is safe, inexpensive, easy to handle, and environmentally benign, presents fewer disposal problems and is stable in reaction media. Sodium hydrogen sulfate (NaHSO 4 .H 2 O) has been demonstrated to be an efficient catalyst for several important reactions such as synthesis of acyl-diazenes, 8 Friedel-Crafts reactions of carbonyl compounds with heteroaromatic compounds in water 9 and deprotection of acetals. 10 In continuation of our investigation of heterogeneous environmentally friendly catalysts, 11, 12 in this paper, we report an efficient method for the preparation of amidomethyl naphthols using sodium hydrogen sulfate (Scheme 1). It is noteworthy that 1-amidomethyl-2-naphthols can convert to important biological active 1-aminomethyl-2-naphthol derivatives 13, 14 by amide hydrolysis reaction. 19 and sulfamic acid, 20 cation-exchanged resins 21 and silica-sulfuric acid. 22 However, many of these methodologies suffer from the drawback of green chemistry 16, 17, 23 and have been associated with several short comings such as long reaction times, expensive reagents, low product yields and difficulty in recovery and reusability of the catalysts. Due to these problems, development of an efficient and versatile method for the preparation of amidoalkyl-2-naphthols is an important aspect and which is an active going on research area and there is a scope for the further improvement towards mild reaction conditions and improved yields. Herein, we describe practical and inexpensive methods for the preparation of 1-amidoalkyl-2-naphthol derivatives via multi-component reactions in the presence of sodium hydrogen sulfate as catalyst (Method A, B and C) (Scheme 1). 
Results and Discussion
The effective amount of sodium hydrogen sulfate as catalyst was investigated. Generally, the reaction rate and yield were increased over the amount of catalyst. It was found that 45 mg of catalyst was the appropriate amount for the reaction. The fewer amounts gave a low yield even after long reaction time, and the more amounts could not cause the obvious increase for the yield of product. Hence, the optimal amount of catalyst was chosen 45 mg in the following reactions. Next, we prepared a range of amidoalkyl naphthols under the optimized reaction conditions: 2-naphthol, arylaldehydes (1:1), and acetamide (1.2 mmol) or acetonitrile (reactant as well as solvent, 5 mL) in the presence of sodium hydrogen sulfate (45 mg). A series of amidoalkyl naphthols were prepared in high to excellent yields in three methods (A, B and C) ( Table 1) . Yields refer to the pure isolated products. All known products have been reported previously in the literature and were characterized by comparison of IR and NMR spectra with authentic samples [15] [16] [17] [18] [19] [20] [21] [22] . Method A: the reaction was carried out with 45mg of NaHSO 4 As shown in Table 1 , the three-component reaction of 2-naphthol, arylaldehydes, and acetonitrile (reactant as well as solvent, 5 mL) or acetamide was performed in the presence of sodium hydrogen sulfate (45 mg). As shown in Table 2 , Method A, aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups gave the desired products via a Ritter type reaction 24 
Scheme 2
In all cases, aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups reacted successfully and gave the products in high yields. It was shown that the aromatic aldehydes with electron withdrawing groups reacted faster than the aromatic aldehydes with electron releasing group as would be expected (Table 1 , Method B and C). Aromatic aldehydes with steric hindrance such as 2-nitro and 2-chloro bezaldehydes reacted at long reaction times. The rate reaction of these aldehydes decreased rather than aldehydes with electron donating groups, but the yield of corresponding products is higher than other benzaldehydes derivatives with electron-donating. Aliphatic aldehydes reacted sluggishly and gave side products; hence the desired product could not be isolated. To find the specific effect of microwave irradiation on the reaction, these reactions were carried out under the same conditions in the microwave oven ( The reusability of the catalysts is one of the most important benefits and makes them useful for commercial applications. Thus the recovery and reusability of catalyst was investigated. The recyclability of the catalyst in the reaction of benzaldehyde and 2-naphthol in the presence of NaHSO 4 .H 2 O (45 mg) was checked (Table 3 , Method A, B and C). The separated catalyst can be reused after washing with CHCl 3 and drying at 100 o C. The catalyst was recovered in excellent yields and catalyst was used in the mentioned reaction for five times, it showed the same activity such as fresh catalyst without any loss of its activity. In conclusion, we have demonstrated that sodium hydrogen sulfate is a new efficient and green catalyst for synthesis of 1-amidoalkyl-2-naphthols. 1-Amidoalkyl-2-naphthol derivatives were prepared via a three-component reaction of an aryl aldehydes, 2-naphthol, and acetonitrile or acetamide in the presence of catalytic sodium hydrogen sulfate in three conditions. The thermal solvent-free and microwave green procedures offer advantages such as shorter reaction times, simple work-up, environmentally benign, excellent yield, cost effective recovery and reusability of catalyst for a number of times without appreciable loss of activity.
Experimental Section
General Procedures. All reagents were purchased from Merck and Aldrich and used without further purification. All yields refer to isolated products after purification. Products were characterized by comparison with authentic samples and by spectroscopy data (IR, 1 H NMR spectra). The NMR spectra were recorded on a Bruker Avance DPX 500 MHz instrument. The spectra were measured in DMSO-d 6 relative to TMS (0.00 ppm). Mass spectra were recorded on an Agilent technologies 5973 network mass selective detector (MSD) operating at an ionization potential of 70 eV. Elemental analyses for C, H, and N were performed using a Heraeus CHN-ORapid analyzer. Melting points were determined in open capillaries with a BUCHI 510 melting point apparatus. TLC was performed on silica-gel polygram SIL G/UV 254 plates. The catalyst was recovered. Then solvent was evaporated, the remaining solid product was recrystallized in aqueous EtOH (15%). The desired pure product(s) was characterized by comparison of their physical data with those of known compounds. [15] [16] [17] [18] [19] [20] The spectral data of the new amidoalkyl naphthols are given below. 
N-[(4-

